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(54) ASPHERICAL ZOOM LENS AND VIDEO CAMERA USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an aspherical zoom 
lens in which aberration is excellently corrected and it is 
compatible to be made ultrasmall in size and high in image 
quality. 

SOLUTION: The zoom lens is constituted of a 1st lens group 
1 1 having positive refractive power and fixed with respect to an 
image surface 17; a 2nd lens group 12 having negative 
refractive power and performing variable power action by 
moving on an optical axis; a diaphragm 13 fixed with respect to 
the image surface 17; a 3rd lens group 14 having positive 
refractive power; and a 4th lens group 1 5 moving on the optical 
axis so that the image surface 1 7 fluctuated with the movement 
of the 2nd lens group 12 and an object may be kept at a fixed 
position from a reference plane and having positive refractive 
power, which are arranged in order from the object side to the 
image surface 17 side. The 2nd to the 4th lens groups 12, 14 
and 1 5 are made to have at least one aspherical surface, and 
when the refractive index of the 1st negative lens nearest to the 
object side in the 2nd lens group 12 is defined as nd4, relation 
of nd4>1.8 is satisfied. 
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DETAILED DESCRIPTION JP02003-295055 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the high-definition aspheric surface 

zoom lens used for a video camera etc., and the video camera using it. 

[0002] 

[Description of the Prior Art] In the latest noncommercial video camera, it is 
indispensable to reconcile a miniaturization and high definition-ization in connection 
with the spread of D V formats or the densification of CCD. Therefore, what has a 
short optical overall length is called for strongly, realizing high definition-ization also 
as a zoom lens carried in it. 

[0003] Moreover, in order to prevent image quality degradation by the diffraction 
limitation with detailed-izing of the pixel pitch of CCD, it is necessary to incorporate 
ND (neutral density) filter to which permeability is changed, without extracting 
opening. For example, the about 1 0 times as many small zoom lens as this is indicated 
for the zoom ratio by JP,1 1-31 1742, A by high definition. 
[0004] 

[Problem(s) to be Solved by the Invention] However, although the zoom lens 
indicated by JP,1 1-31 1742,A has realized miniaturization and high definition-ization 
with little lens configuration of ten sheets, attaining the further miniaturization is 
called for strongly. Moreover, in the zoom lens indicated by this official report, there 
was also a trouble that the device which controls permeability by the ND filter which 
became independent of the diaphragm device for preventing image quality 
degradation by the diffraction limitation was not incorporate. 
[0005] This invention is made in order to solve said technical problem in the 
conventional technique, it is the zoom lens of 4 group configurations, and it aims at 
the zoom ratio which can attain a miniaturization offering an about 10 times as many 
aspheric surface zoom lens as this, maintaining high definition. Furthermore, this 
invention aims at offering a small and high-definition video camera. 
[0006] 

[Means for Solving the Problem] In order to attain said purpose, the configuration of 
the aspheric surface zoom lens concerning this invention The 1 st lens group which 
has been arranged in order toward an image surface side from the body side and 
which has forward refractive power and was fixed to the image surface, The 2nd lens 
group which performs a variable power operation by having negative refractive power 
and moving in an optical-axis top, The diaphragm fixed to the image surface, and the 
3rd lens group which has forward refractive power, It is the zoom lens equipped with 
the 4th lens group which moves in an optical-axis top so that the image surface which 
has forward refractive power and is changed with migration of said 2nd lens group 
and a body may be maintained at a fixed location from datum level. Said 2nd lens 
group consists of three lenses of the cemented lens of the 1st negative lens and the 
2nd negative lens which have been arranged sequentially from a body side, and a 
positive lens. Said 3rd lens group It consists of three lenses of the cemented lens of 
the 1st positive lens and the 2nd positive lens which have been arranged sequentially 
from a body side, and a negative lens. Said 4th lens group When it consists of a 
positive lens and said 2nd, 3rd, and 4th lens group both sets the refractive index of 
said 1st negative lens of said 2nd lens group to nd4 including at least one aspheric 
surface, it is characterized by satisfying the following conditional expression (1). 



[0007] 

nd4> 1.8 ... (1) 

According to the configuration of this aspheric surface zoom lens, since the PETTSU 
bar sum can be made small, in case it is a miniaturization, generating of a curvature of 
field which poses a problem can be controlled. Consequently, an optical overall length 
can be shortened, without bringing about big performance degradation. Moreover, the 
zoom lens with which many aberration including chromatic aberration was amended 
good with little lens configuration is realizable by arranging at least one aspheric 
surface in each group of the 2nd - the 4th lens group, and adopting the optimal 
aspheric surface configuration and a lens type. Furthermore, since the diameter of a 
lens is small, each lens which constitutes the 2nd - the 4th lens group can manufacture 
easily the aspheric lens contained in these lens groups. 

[0008] Moreover, it is fw about the focal distance of the whole system [ in / on the 
configuration of the aspheric surface zoom lens of said this invention, and / for the 
focal distance of said 2nd lens group / f2 and a wide angle edge ]. When it carries out, 
it is desirable to satisfy the following conditional expression (2). 
[0009] 

0.8<|f2 |/fw <0.9 ... (2) 

According to this desirable example, in spite of being a wide angle, the zoom lens 
which can amend a curvature of field small and can be miniaturized is realizable. 
[0010] Moreover, it is ft about the focal distance of the whole system [ in / for the 
focal distance of the whole system I in / on the configuration of the aspheric surface 
zoom lens of said this invention, and / for the overall length of a zoom lens / TL and a 
wide angle edge / fw and a tele edge ]. When it carries out, it is desirable to satisfy the 
following conditional expression (3) and (4). 
[0011] 

10.0<TL/fw<11.0 ...(3) 
r.l<TL/ft--<- 1.2 ... (4) 

According to this desirable example, high-definition-izing and a miniaturization can 
be reconciled. 

[0012] Moreover, it is thetat about the beam-of-light include angle of the chief ray of 
ihe maximum image quantity [ in / for the beam-of-light include angle of the chief ray 
of the maximum image quantity / in / on the configuration of the aspheric surface 
zoom lens of said this invention, and / said image surface in a wide angle edge / said 
image surface in thetaw and a tele edge ]. When it carries out, it is desirable to satisfy ' 
the following conditional expression (5) and (6). 
[0013] 

0.0<thetaw<3.0 ... (5) 
0.0<thetat <3.0 ... (6) 

According to this desirable example, since the beam-of-light include angle of the 
chief ray of the maximum image quantity in the image surface is subtracted in the 
middle zoom location of a wide angle edge and a tele edge, whenever [ incident angle 
/ of the beam of light to CCD ] can be averaged, and can carry out near to 90 degrees 
most, consequently a high-definition zoom lens with little shading by CCD can be 
realized. 



[0014] Moreover, in the configuration of the aspheric surface zoom lens of said this 
invention, it is desirable that the filter which reduces permeability in the center section 
of the lens side by the side of the body of the 1st positive lens of said 3rd lens group is 
formed. Since according to this desirable example the quantity of light of the light . 
which passes a part for the core of the lens near a diaphragm decreases when photoing 
a bright photographic subject, it can extract compared with the condition of not 
forming a filter, and a path can be enlarged, consequently degradation of the 
resolution by diffraction can be prevented. 

[0015] Moreover, the configuration of the video camera concerning this invention is 
the video camera equipped with the zoom lens, and is characterized by using the 
aspheric surface zoom lens of said this invention as said zoom lens. According to the 
configuration of this video camera, small and a high-definition video camera with a 
hand deflection amendment function are realizable. 
[0016] 

[Embodiment of the Invention] Hereafter, this invention is explained still more 
concretely using the gestalt of operation. 

[0017] [Gestalt of the 1st operation] drawing 1 is the plot plan showing the 
configuration of the aspheric surface zoom lens in the gestalt of operation of the 1st of 
this invention. 

[0018] As shown in drawing 1 , the 1st lens group 1 1, the 2nd lens group 12, the 
diaphragm 13, the 3rd lens group 14, the 4th lens group 15, and the plate 16 
equivalent to an optical low pass filter and the face plate of CCD are arranged in order 
toward the image surface 17 side ( drawing 1 right-hand side) from the body side ( 
drawing 1 left-hand side), and, thereby, the zoom lens is constituted. 
[00 19] The 1st lens group 1 1 has forward refractive power, and is in the condition of 
having been fixed to the image surface 1 7 at the time of a focus, at the time of 
variable power. The 2nd lens group 12;consists of three lenses of the cemented lens of 
the 1st negative lens arranged sequentially from a body side and the 2nd negative 
lens, and a positive lens, has negative refractive power as a whole, and performs a 
variable power operation by moving in an optical-axis top. The 3rd lens group 14 
consists of three lenses of the cemented lens of the 1st positive lens arranged 
sequentially from a body side and the 2nd positive lens, and a negative lens, and is in 
the condition of having been fixed to the image surface 1 7 at the time of variable 
power and a focus. Drawing 13 is arranged between the.2nd lens group 12 and the 3rd 
lens group 14. The 4th lens group 15 consists of one positive lens, and performs the 
migration and the focal adjustment of ah image by variable power to coincidence by 
moving in an optical-axis top so that the image surface 1 7 changed with migration of 
the 2nd lens group 12 and a body may be maintained at a fixed location from datum 
level. 

[0020] Both the 2nd, 3rd, and 4th lens groups 12, 14, and 15 include at least one 
aspheric surface. 

[0021] This aspheric surface zoom lens has satisfied the following conditional 
expression (1), when the refractive index of the 1st negative lens of low distribution 
of the 2nd lens group 12 is set to nd4. 



[0022] rid 4> 1.8... (1) 

If nd4 becomes 1 .8 or less, since the PETTSU bar sum will become large and a big 
curvature of field will occur, on the whole, the power of the 2nd lens group 12 
becomes weaker. Consequently, since the engine performance is not securable if the 
overall length of a zoom lens is not lengthened, a miniaturization cannot be attained. 
[0023] This aspheric surface zoom lens is fw about the focal distance of the whole 
system [ in / for the focal distance of the 2nd lens group 12 / f2 and a wide angle edge 
]. When it carries out, it is desirable to satisfy the following conditional expression 

(2). 
[0024] 

0.8<|f2 |/fw<0.9 ... (2) 

The above-mentioned conditional expression (2) is a formula about the power of the 
2nd lens group 12; | f2 |/fw lf it becomes 0.8 or less, it will become difficult to amend 
a curvature of field. Moreover, |f2 |/fw If it becomes 0.9 or more, since the movement 
magnitude of the 2nd lens group 12 at the time of zooming will become large, an 
overall length becomes long and it becomes difficult to realize a small zoom lens. 
[0025] Moreover, this aspheric surface zoom lens is ft about the focal distance of the 
whole system [ in / for the focal distance of the whole system / in / for the overall 
length of a zoom lens / TL and a wide angle edge / fw and a tele edge ]. When it 
carries out, it is desirable to satisfy the following conditional expression (3) and (4). 
[0026] 

10.0<TL/fw<11.0... (3) 
l.l<TL/ft~<-- 1.2 ...(4) 

The above-mentioned conditional expression (3) and (4) are the conditional 
expression for specifying the range which can reconcile a miniaturization and high 
definition-ization. If less [ if the upper limit of conditional expression (3) and (4) is 
exceeded, an optical overall length will become long to a focal distance or a zoom 
ratio, and ] than a minimum, it will become difficult for big aberration to occur and to 
secure image quality. 

[0027] Moreover, this aspheric surface zoom lens is thetat about the beam-of-light 
include angle of the chief ray of the maximum image quantity [ in / for the beam-of- 
light include angle of the chief ray of the maximum image quantity in the image 
surface 17 in a wide angle edge / the image surface 17 in thetaw and a tele edge.]. . 
When it carries o.ut, it is desirable to satisfy the following conditional expression (5) 
and (6). 

[0028] 0.0<thetaw <3.0 ... (5) 

0. 0<thetat <3.0 ... (6) 

The above-mentioned conditional expression (5) and (6) are the conditional 
expression for specifying whenever [ to the image surface (CCD) 17 / incident angle 

1. When the upper limit of the above-mentioned conditional expression (5) and (6) is 
exceeded, whenever [ to CCD in a wide angle edge and a tele edge / angle-of 
incidence ] becomes large, and it becomes impossible to permit shading. If less than 
the minimum of the above-mentioned conditional expression (5) and (6), since the 
beam-of-light include angle which carries out incidence to CCD in the middle zoom 
location of a wide angle edge and a tele edge will become large to minus, it becomes 
impossible moreover, to permit shading. 



[0029] [Gestalt of the 2nd operation] drawing 2 is the top view showing the 1st 
positive lens 28 of the 3rd lens group of the aspheric surface zoom lens in the gestalt 
of operation of the 2nd of this invention. It is most equivalent to the lens by the side 
of a body (refer to drawing 1 ), and the configuration of the 3rd lens group 14 which 
showed this lens with the gestalt of implementation of the above 1st seen from the 
body side is shown in drawing 2 . 

[0030] As shown in drawing 2 , the filter which reduces permeability in the center 
section (field A) is formed in the lens side by the side of the body of the 1st positive 
lens 28 (field B). Although this filter may be constituted by forming an optical thin 
film in a lens side by vacuum evaporationo or the spatter, it may stick and constitute 
ND (neutral density) filter. Moreover, although 12.5% - about 25% of the 
permeability of Field A is desirable, it may be lower than it. 

[003 1] Since the quantity of light of the light which passes a part for the core of the 
lens near a diaphragm will decrease when photoing a bright photographic subject if 
the 1st positive lens 28 of the 3rd lens group is constituted as mentioned above, it can 
extract compared with the condition of not forming a filter, and a path can be . 
enlarged, consequently degradation of the resolution by diffraction can be prevented. 
[0032] [Gestalt of the 3rd operation] drawing 3 is the plot plan showing the 
configuration of the video camera in the gestalt of operation of the 3rd of this 
invention. 

[0033] As shown in drawing 3 , the video camera in the gestalt of this operation is 
constituted by the zoom lens 31, the image sensor 32, and the digital disposal circuit 
33. Here, as a zoom lens 3 1 , the zoom lens of the gestalt of the above 1 st or the 2nd 
implementation is used, and, thereby, small and a high-definition video camera with a 
hand deflection amendment function are realized. 
[0034] 

[Example] Hereafter, a concrete example is given and this invention is further 
explained to a detail. 

[0035] (Example 1) The example of a concrete numeric value of the aspheric surface 
zoom lens in the gestalt of implementation of the above 1st is shown in the following 
(Table 1). 

[0036} -~~ 
[Table 1] ■ : 

[0037] For r (mm), setting above (Table 1), it is the radius of curvature of a lens and d 
(mm) is the thickness of a lens or air spacing of a lens, and nd. The refractive index 
and nud to d line of each lens The Abbe number to d line of each lens is shown (the 
same is said of the following examples 2 and 3). 

[0038] Moreover, the aspheric surface configuration is defined below (several 1) (the 
same is said of the following examples 2 and 3). 
[0039] 
[Equation 1] 



[0040] however, under the above (several 1) and H — as for the height from an optical 
axis, and SAG, the radius of curvature of aspheric surface top-most vertices and K 
express a cone constant, and, as for D, E, F, and G, the distance from the aspheric 
surface top-most vertices of the point on the aspheric surface of H and R express [ the 
height from an optical axis ] the aspheric surface multiplier. 

[0041] The aspheric surface configuration of the aspheric surface zoom lens in this 
example is shown in the following (Table 2). 
[0042] 
[Table 2] 

[0043] Moreover, below (Table 3), the object point measures from a lens tip and 
shows strange good air spacing (mm) by zooming in the case of the location of 
infinite distance. The following (Table 3) standard position is a location as for which 
the 3rd lens group 14 and the 4th lens group 15 carry out a closest approach (the same 
is said of the following examples 2 and 3). 
[0044] 
[Table 3] 

[0045] Moreover, the value corresponding to a monograph affair type is shown in the 
following (Table 4). 
[0046]. 
[Table 4] 

[0047] In the aspheric surface zoom lens in this example, when [ of the 2nd lens . 
group ] the refractive index of the negative lens by the side of a body is most set to 
nd4, nd4 has the value shown above (Table 4). That is, since the above-mentioned 
conditional expression (1) is filled and the PETTSU bar sum can be made small, the 
aspheric surface zoom lens with which generating of a curvature of field which poses 
a problem in the case of a miniaturization was controlled is realized. 
[0048] Moreover, it is fw about the focal distance of the whole system [ in / on the 
aspheric surface zoom lens in this example, and / for the focal distance of the 2nd lens 
group 12 / f2 and a wide angle edge ]. When it carries out, it is |£2 |/fw. It has the 
value shown above (Table 4). That is, the above-mentioned conditional expression (2) 
is filled, and in spite of being a wide angle, the zoom lens which can amend a 

curvature of field small and can be miniaturized is realized ; 4 

[0049] Moreover, it is ft about the focal distance of the whole system [ in / for the 
focal distance of the whole system / in / on the aspheric surface zoom lens in this 
example, and / for the overall length of a zoom lens / TL and a wide angle edge / fw 
and a tele edge.]. They are TL/fvv and TL/ft when it carries out. It has the value shown 
above (Table 4). That is, the above-mentioned conditional expression (3) and (4) are 
filled, and coexistence of high-definition-izing and the miniaturization of a zoom ratio 
as an about 10 times as many zoom lens as this is achieved. 



[0050] Moreover, it is thetat about the beam-of-light include angle of the chief ray of 
the maximum image quantity [ in / for the beam-of-light include angle of the chief ray 
of the maximum image quantity / in / on the aspheric surface zoom lens in this 
example, and / the image surface 17 in a wide angle edge / the image surface 17 in 
thetaw and a tele edge ]. They are thetaw and thetat when it carries out. It has the 
value shown above (Table 4). That is, since the above-mentioned conditional 
expression (5) and (6) are filled and the incidence of the beam of light can be carried 
out almost perpendicularly on CCD in all the fields of zooming, an image with little 
shading is acquired. 

[0051] Moreover, in the aspheric surface zoom lens in this example, the filter which 
reduces circular permeability with a diameter of about 2mm to the field near the 
optical axis of the lens side (12th page) by the side of the body of the 1st positive lens 
(diameter: 6mm) of the 3rd lens group 14 is formed. Here, the permeability of a filter 
field is 12.5%. Since the quantity of light of the light which passes a part for the core 
of the lens near a diaphragm decreases when this photos a bright photographic 
subject, it can extract compared with the condition of not forming a filter, and a path 
can be enlarged, consequently degradation of the resolution by diffraction can be 
prevented. 

[0052] The aberration performance chart in the wide angle edge ( drawing 4 ) of the 
aspheric surface zoom lens shown in drawing 4 - drawing 6 above (Table 1), a 
standard position ( drawing 5 ), and a tele edge ( drawing 6 ) is shown. In addition, in 
each drawing, (a) is drawing of spherical aberration (mm) to d line, (b) is drawing of 
astigmatism (mm), a continuous line shows a sagittal-image-surface curve, and the 
broken line shows the meridional curvature of field, (c) is drawing showing distortion 
aberration (%). (d) is drawing of axial overtone aberration (mm), and the continuous 
line shows the value [ as opposed to / as opposed to / in d line and a short broken line 
/ an F line I C line in a long broken line ]. (e) is drawing of the chromatic aberration of 
magnification (mm), and the value [ as opposed to / as opposed to / in a short broken 
line / an F line / C line in a long broken line ] is shown (the same is said of the 
following examples 2 and 3). 

[0053] It turns out that the aspheric surface zoom lens of this example shows the good 
aberration engine performance so that clearly from the aberration performance chart 
shown in drawing 4 - drawing 6 . 

[0054] (Example-2) Other examples of a concrete numeric value of the aspheric 
surface zoom lens in the gestalt of implementation of the above 1st are shown in the 
following (Table'5). 
[0055] 
[Table 5] 

[0056] The aspheric surface configuration of the aspheric surface zoom lens in this 
example is shown in the following (Table 6). 
[0057] 
[Table 6] 

[0058] Moreover, below (Table 7), the object point measures from a lens tip and 
shows strange good air spacing (mm) by zooming in the case of the location of 
infinite distance. 
[0059] 
[Table 7] 



[0060] Moreover, the value corresponding to a monograph affair type is shown in the 
following (Table 8). 
[0061] 
[Table 8] 

[0062] As shown above (Table 8), in the aspheric surface zoom lens in this example, 
above-mentioned conditional-expression (1) - (6) is filled. 

[0063] The aberration performance chart in the wide angle edge ( drawing 7 ) of the 
aspheric surface zoom lens shown in drawing 7 - drawing 9 above (Table 7), a 
standard position ( drawing 8 ), and a tele edge ( drawing 9 ) is shown. It turns out 
that the aspheric surface zoom lens of this example shows the good aberration engine 
performance so that clearly from the aberration performance chart shown in drawing 7 
- drawing 9 . 

[0064] (Example 3) The example of a concrete numeric value of further others of the 
aspheric surface zoom lens in the gestalt of implementation of the above 1st is shown 
in the following (Table 9). 
[0065] 
[Table 9] 

[0066] The aspheric surface configuration of the aspheric surface zoom lens in this 
example is shown in the following (Table 10). 
[0067] 
[Table 10] 

[0068] Moreover, below (Table 1 1), the object point measures from a lens tip and 
shows strange good air spacing (mm) by zooming in the case of the location of 
infinite distance. 
[0069] 
[Table 11] 

[0070] Moreover, the value corresponding to a monograph affair type is shown in the 
following (Table 12). 
[0071] 
[Table 12] 

[0072] As shown above (Table 12), in the aspheric surface zoom lens in this example, _ 
above-mentioned conditional-expression (1) - (6) is filled. 

[0073] The aberration performance chart in the wide angle edge ( drawing 10 ). of the 
aspheric surface zoom lens shown in drawing 10 - drawing 12 above (Table 11;), a., 
standard position ( drawing 1 1 ), and a tele edge ( drawing 12 ) is shown. It turns out 
that the aspheric surface zoom lens of this example shows the good aberration engine 
performance so that clearly from the aberration performance chart shown in drawing 
1 0 - drawing 1 2 . 
[0074] 

[Effect of the Invention] As explained above, according to this invention, the zoom 
ratio which can attain a miniaturization can realize the aspheric surface zoom lens of 4 
about 10 times as many group configurations as this, maintaining high definition. 
Moreover, according to this invention, a small and high-definition video camera is 
realizable. 
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lit mm 5 ] sifiam 3 p y xmom 1 <^iei- yx^s 
*^«$ix^if^3S i izimcoimmx-^isyx. 

(If^6] X-M.vyXimitz^^^j^^Xh 
r>X. mtX-2±V>Xh LT»*Jll~14fiDi,vm 

*Kcp bs^nmx-a u >-x£ffl^i> c: i; t -f 

[00 0 1] 



[0002] 

[ fi^*<?)Sffi 1 <7>JK£ffl t'f^* 5 iZ & t >T ti . 

£. fi^T. W^K$ilSX-AlxyXi:LTt, 

[0 0 03] 4 . CCD <9B3R t >y f-tfO^IH-fttCf^-? 

_tt6?(?£W*aB^3:&*Np (aeutral density) 

- WiHfc 1-3 1 1 7 4 2*&ft(c(±. Sif 

T\ X-AJt*^ 1 0 fgi0yjNS<7)X-A 1^ >X*>'BB^§ 

[0004] 

[%BW)»^Lctoi:-ri>igS] LfrU «fW¥l 1- 
3 1 1 7 4 2-f-^^^Sn^X-AU-yXW. 1 0 

tkt^o ^ yxmmx'^mitt rnmrnt^ mm l 

^l>. 4*:, FI^:$glc^$ix/iX— AU>-Xi=loi,'>T 

ffitm&LtzND? < ;u?%t"xm&m£®m-t6m% 

[00051 #SMHti. fi^S^x^isttSMie^ll^M 

co-r^s, x-Ajt*^i ofg^^mx-Auvx^ 

•h^mW&cD t'x^^ * 7 S-Sffi-TI. i i: £ gffj i: -T 
[0006] 

*^^«4#«ffix-Au>-xc7)is^:«. wm 
fr^i&mmizfafr^ximzmwztifz. lEcomvrJiz^f 
b, «®^*tL-cii^§^igi u>xmt. nnmrn 

comiftji&tt&m3i'>xmt, lEcomtn^^L. 
mm 2 1^- yxmmfwtetfmizw ^ x^mt &mm 
zmmmfrh—fe<ntiLmzur>k?i,zjtm±.z&wrth 

WS4UyXWtt£ffiz_fzX-£.U>XX$)'>X, mem 

2 uvxisu. •fafcmfrt>miz§iwztitz . m 1 <oa u 

>-X; m2<7)M.uyXt]EuyXb<7)m-&isyXff)3®i 

cr>u>xfrh%>r>. msm3\yyxmt. m#mfrt>m 

tz&MZtitz. micoiEuyX, m2coiEUyXtMl' 
>Xtcr>&isUyX<r>3&cr>U>Xfrtzt£:V) , HUia^4 



!(3) 003-295055 ( P 2 0 0 3 - 2 9 5 0 5 5 A ) 



ttctz. Tis^^(i) zmz-tzztzimt-t 

[0007] 

n d4 > 1, 8 • ■ (1 > 

z<r>immx-j± uyxcoffimzkixtf. ^ v^-)V 

<-t&zttf-c%h. ttc. m2-m4u>xmcD&m 
1 1 1 mimmzwrnL. Mm^mrnm^ 

t v vx? A 7*m#t&z t iz J: *) . ty^u >Xffi 
i&x\ ^i^^i^bmum^mzmiE^ixtzx-^h- 
yx&mm-izttfxz & . •§ h(z:'w,2^4 uy 

xm£ffif£-tZ>uyx&\.^-?tii>U>'X'&ff4^^tz 

zfih^yxm^z^tLhtmm^yx^^z 

WkthZktfXZh. 

[0 0 083 tti. mtt&BRcoimwx-j>.u>x<?> 
mmzn\^xa. m^m2uyxm<^mfmm^f 2 .■ 
&ftmz&t,ir&&&0)i&mMZf v kLtztz. Tie 

( 2 ) Zffi&-tZ>cr>tf18-i UV 
[0009] 

0. 8 < I f 2 I /f. <0. 9 • • • (2) 

m*x-j* uyxzmm-t& z t a . 

[ 0 0 1 0 ] *3t. H5IB*%BJc7D^BX-Ai^yX<7) 

«BX(ct3v\T«, x—jxuyxco^^TL^ fonmz 

^SBIiSrft i:Lfct#. Tie*fr^ (3) , (4)*' 

u*. . 

[0011] 

10. 0<TL/f, <1 1. 0 • • • (3) 

1. KTL/f, < 1. 2 • - • (4) 

mtfuz&^xit. fcft^x'commmiz&tthWckmm 

S«^^W^±3fe^<7)7mftS2:<9t fcLfci:'*. Tie 

( 5 ) . ( 6 ) 5r«J£-r-S»<0*W^ U\ 
[00 13] 

0. 0<6» M <3. 0 • • • (5) 

0. 0<6> t <3. 0 • • • (6) 

LTSt. 9 0f£l l z%T<'$-&Z ktfX'l* . -f-cT)^. C C 
Die J: £ l/x.—'f s y^cr>^^»M J Scr>X—M.v-yX 



^mm-t^zt^x-^h. 

[ 0 0 1 4 ] £ fc. BMie^HJiO^^fflX-Al^yXco 
«U£t=*$HTfcL BMiem31/yXP<30mi<?)iEU'yXC0 

?tfBf8.ZHX^Z><?>i)W& U\ UWfcJ: 

[0015] ^f&BJifcffiS t'f^^ 7<08§j£; 

X-Al/yXSrlix.^t-x^^^^-CfeoT. luiB 
X-AUyXt LTWlB#ffc0J!^{MX-Al^X£ 

[00 16] 

[00173 cm i osshs*)®®] b i t&fism*m 1 
wmmxfoh. 

[ 0 0 1 8 ] m 1 (z^-T J: 3 ^frfflj <0 1 -C(i£ 

W) A^iaai 7M (mixtttm) tzmfr^xmi u 

vxpi i , m2uyxui 2, 13, S3wyx 

l¥ 1 4 . S4 PVXSf 1 5 , 3C?D-;U7 .{OtC 
CDc07x-X7°^-htw^«^:^l 6*WcieS$ 
^■Cfc 1 ?, ^ix{CctOX-AUyX^'ffi«$^TV%^„ 

[0019] mii/^xpi i«. jEcommiizmi. 

mciEB^ix^icomuyx. at/^2<7)m^>-Xt 

JElsyXb0mitUyX<7)3®.cr>V>yXfrC>%:r). 

xi&gftmzft?. s&3u->xi¥i4tf, mimfrim 
izmmztitimKosEuyx. Rx/^com^yxtn 

UyXtcr>m'£rUyXcr>3W;cr>l<'yXfrt 3 %: r ). 
&.X/7*- ^XB$^J3V^T«. filBl 7£*Tl,TH5g§ 
*lfcttffllC*S.-|R9 1 3«. H2L-yXSf 1 2t^3 

uyxmi 4b<7)mizmwzivx^&. ^4i^yxpi 

5«, ltenjEUyXfrtzZ:*). m2uyxmi 2mt 

vmcr>&mi,zw~>x$£mt&®m 1 izmmmfrb-g. 
cotiLmz&ii. 5 ^^w±$r^ft-r& z t iz £ o . 
lzi:h m<r)&m b?*-# XW& t SrP^tcfir d . 
[00 20] SS2, ^3S.tA'SS4l^>-XSfl 2. 1 4R 

[0021] ^^ffix-^i/^xti. m2 v-yxmi 

2coi&ft&V>m 1 comL'^XcO®Jf^5r n d4 k Ltzt 
S . Tld^^ ( 1 ) *»JEUT^4-. 
[00223 n d4 >l. 8 • • •(!) 



K4) 003-295055 (P2003-295055A) 



n,,,** 1 . SKTHeSrS b , V><.—)Vmj s jz% < & 

1 2<o>»'C7-*»^«cWfe:»4i. x-ai/v 
[0023] &mmx-j» uyxit. m2i/>x$t i 

f. fc-Ufci:** Tie^ft^ (2) ^*j£-ts<o*<a* 
[00 24] 

0. 8< I f 2 |-/f. <0. 9 • ■ • (2) 
-hie^f*^ (2) l±, Sg21^VXafl 2W<7-Cit 
SsJtT**. I f 2 l/f„ *>'0. 8JilTtc=5rl.i:, tfe 
S»ftS:»jE-ri.ii:36*Slii:^S. I f ., .|./-...* 

f« **o. 9tLh^i.i:, x^ytmtzatt&ni 
%>o. 'mox-jiuyxzmm-t&zttiwmt* 

[0025] £>t. ttmwx-<uuyxt,i. X-A.U 

"RK*fl*# ( 3 ) . ( 4 ) SrSHg^Stttfai U\ 
[00 26] 

10. 0<TL/f, <1 1 . 0 • • • (3 ) 

1. 1 <TL/ f t < 1. 2 • - ■ (4) 

±ie^fr^ ( 3 ) . ( 4 ) t± . 'mitt 7mm\L*m± 

*tt5$.(3K (4) '^±KS:jB^4t, «U±(8E*i 
^X-AJfctc** LT5G*£**«ft< Jflr 0 . TR£TEI4 

[0 0 2-7] ifc. ^KNJcBX-A^yXli. fcftmT 

ffim&.$:e t tUtl, TlSfertsS (5) . (6) 

[00 2 8] 0. 0<<9 B <3. 0 - • • (5) 
0. 0<6 t <3. 0 - • (6) 
±1^:^(5). (6) ti. (£ffi (CCD) 1 ItKCT) 

(5), (6) cnlMZ&L&b. fcfti&, WMZfaW 

*tz. ±m8$¥3£ (5) . (6)tfOT 

C D tc AtH- S 3fel8 fti&tf-? # < 3: £ . 

[0029] m2<7)mm<o&i&] m2i£*3&mm2 
ommcn&B&to ifzimmx-A v y x<r>m 3 u- yx 

S^mo;EU;yX2 8£^ ;s Pffl[2T£>S. Clc7)l/>- 

xii . 1 comm^mmx-^ LtimsvyxmiA 



comh^iW.m<r>^yxi l z^LXi6 f 0 (Hi #fl) % -h 
[0030] 02lC^-Ti:5tc, US 1 OIL- VX2 8<0 
A) £^^£(gT£*&:7^?;&>mS£ixT^.&, > 

znyin,?^ isyxmizx&mmzmm^xnv? 
^z^Tmfcthztizx'offifcLxhx^tf. nd 

(neutral density) 7 4JU?£9&*) WfTffi^Lf t 
cfc^. 4:t. ®^A(7)Si§^i: 1 2. 5%~2 5%mK 

[00 3 1 ] m3UyXMcr > mi<7)iEl'yX28$:l;Xk 

&it$m±-r h z t tfvz h . 
[0032] [* 3 ^mm^mm i m s «#§%bfj<o§s 3 

[0033] M3 IZtf:-? £. a *SIJftcO^®^*ittS 

h'x^>7«. x-ai^>-x3 ib, mmm^3 2 
b. m^mm®m3biz£*)mf&ztix^z. zz 

•C, X-AI^VX3 1 fc ±ie^lXttS2^H 

M<omm<DX-j*uyxtfm\<^tixt3 *) . -i^j; 0 

[0034] 

[0035] (xttwi ) Tie (« 1 ) iz, ±iem 1 o 

[0036 ] 





r 


d 


nd 


vd 


1 


22. 855 


.600 


1. 84606 


23.9 


2 


10. 636 


3. 300 




3 


345.109 


.120 


1.69680 


55.6 


4 


10. 877 


050 


1.77250 


49.6 


5 


33. 360 








6 


33. 360 


.400 


1.83300 


40.9 


7 


3.160 


1.600 






8 


-5. 100 


.500 


1.66547 


55.4 


9 


3.776 


1.420 


1.84666 


23.9 


10 


264.106 






11 




X 






12 


4. 599 


2.560 


1.60602 


57.8 


13 


-8. 374 


,100 




14 


7.191 


1.320 


1.51633 


64.1 


15 


-771.141 


.400 


1.84666 


23. 9 


16 


3. 818 


nT« 




17 


S. 511 


1.750 


1.51450 


63.5 


18 


-24. 968 






19 


60 


2. 250 


1.51633 


64.1 


20 


00 







[0037] JJg (^1 ) (CioV^T, r (mm) t,±V-y 
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<nmmm2. 3t,zi\,^xi>mmx'h&) . 

[0038] 4 ft , #«iHJBtttt.- TIB (& 1 ) "Cj£* 
LTV ^5 (UTc7)^*60i|2. 3iZ-mXi>ft&T$> 
4V. 

[00 39] 
[&1 ] 

tf/W 



SAG= 



liVl-a+KXH/K) 2 



■H3.H 4 4e-H 6 +F-!l 8 4C-H' 0 



[0040] tau ±IE (& i ) <k Hti^WA^ojS 
SAG liftWi** t> ay% $ #h <7)|^ffi±(7)^^^ 

[ o o 4 1 ] tie («2 > cc. *mmm<,z&vz,imm 
x- a y x'o^^ffi^KS-^i- . 

[0042] 
[^2] 



8 2. 67581 WO 

12 -2.24476BO0 

13 -3.94342W0 
17 -9.71768E-01 



2.63615E-03 
1.11187E-03 
3.27071E-O4 
4.68748E-04 



E 

-4.87896E-0si 
-3.00613E-Ob 
-1.56127E-06 
-8.87706E-<fe 



3.98948rr05 
0.00000*00 
O.OOOOOh+00 
4.10801=^06 



G 

0.0000E+C0 
O.OOOOE-HJO 
O.0O00E-KX3 

o. ooooe-K» 



[ 0 0 4 3 ] 4 ft. TIE (IS3 ) K. Vn&tfUyXfti® 

ij^m-oxmm&cD^mcom^. x-^y^zx^x 

*I%?j:£pfflm (mm) TIB (SI3) fcfctt* 

«2tM2M(i. t&3uyxmi 4b&4uyxmi 5btf 
m.^-th&M.Xhh (&T<7)5l*fe092. 3t-3^tt 

mmx$>& ) . 

[0044] 
[«3] 

d5 dIO d16 
.5000 8.3594 4.1554 



6.1958 2.6636 1.4205 
IS 8.0417 . 8177 4.1554 



d18 

1.00C3 
3. 7349 
1.0000 



[ 0 0 4 5 ] 4ft. TIB (IS4 ) *Afr5Stc«J6L 

[0046] 
[«4] 

•td4=1. 833 
If2l/fw=0.845 

n7fw=io. 7 
a/ft=i.i3 

0w=2.34 

e t=i. 99 

[0047] ^mmmizun^mmx-M.uyxiza 
^xa. ^^yxm^&i.m^mconuyxcommm 

£ n d4 1 Lft.fc £ . n dl **±IB (^4 ) ^-r-ffi&^L 
•r&to-h-* ±IB^^ ( 1 ) riWcStl. ^.-y 

mz&imt %&imt%to(DKtktm$iz titzimmx- 

A u yX^HSSixT v . 

Xlciswai. Sf^l-yXPl 2co^gEKS-f j . /£ 

I /f . *U:IB (^4 ) ^^Sr^LTV^. -f=$r*> 
*>. JilB^fr^ ( 2 ) *Wc$*U i2iftr** 



s-fta^fig&x- a i^ y xtfmm ztix v>& . 

[ 0 0 4 9 ] 4ft . SjcSldfcWfcJsttS^MinBX-AUV 
Xdfcwai. X-Al^Xc7)-£^|£TL. /£f$3g£fc 

SEBtSrft tLfttl. TL/f„ TL/f, #±IB 

(*4> tc^-rfi^LTv^. jjefttt* 

( 3 ) ' , ( 4 ) tfSlft $ ft., X- AJbWB 1 0 fgcDX- 



[0050] 4ft. #gQtWKfe(*4#3tiBX-AUy 

zjmnymft&z <9„ asus-cotfe® 1 7 

«fctt£i«0±^W^£iJg£#t i:Lftfc£. <?„ . 
e t ^-tlB (^4) tc^-TfSS-^LTV^. -T3r;b*3>. 
-hlfilfeftit ( 5 ) , ( 6 ) aWc§*U X- 5 y/w^ 

[0051] 4ft. *mmizt3ft&immx-&uy 

XfctJWTti. ^3^>XP14Omi«0jEl'yX (IS 
g: 6mm) co^ftcfUcOk^X® (12B) cD*Btffj£ 
«0«1*{C. iS@*t>2mmOn^c7)^^$-<gTS-fri»7 

^ixtCiO. H*VM£?flc£ft 
B^htZlz. &*)iz%:^uyX<?>*>CWft$:m&t& 
3fe<07t4*W-rSft^. 7-f^^S:W«L*vvKJBK: 

it^T^os$:^#<^-s«ri:^T*#. -e^m. miff 

[0052] 04-06 fc, ±IB (^1 ) (C^Lft#« 
ffiX-AIx>-XcO^SS (04 ) , Wii<mW. (05 ) . 

(06) i=tJltSiRJH4tg0Sr^-r. i^. «-0i~ 
tSV^T. ( a) «d^tcm-S^®lR^ (mm) CO0T' 

(b ) (mm) <O0TS>'3. 
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rv^s. (c ) (iMftflm (%> $r^-riaTft*. 

( d ) ttttJLfeJRH ( mm ) O0TJ> 0 . JORttda, 
£. ( e ) afem&WM (mm) ^ET* 0 . $8^8518 
O^MCT2, 3tOl»Tt)|a»?*i) . 

[0053] m4^m6t,z^Km5itmfre>whfr% 

tOO 54] <5SttM2)TE(*5) te, JJE»ltf> 

[0 0.5 51 . 

i [JS.5T.L, . , 



m 


r 


i 


21.661 


2 


10. 283 


3 


146. 424 


4 


11.039 


5 


31.471 


6 


31. 471 


7 


3.092 


8 


-5. 045 


9 


3. 747 


10 


287. 859 


11 




12 


4.662 


13 


-8.388 


14 


7. 072 


15 


-109. 130 


16 


3. 866 


17 


b . 631 


18 


-22. 890 


19 


oo 


20 


oo 



d 


nd 


vd 


.600 


1.84666 


23.9 


3. 300 






.120 


1.72916 


54.7 


2.0b0 


1.7/250 


49.6 


rT£ 






.400 


1.83300 


40.9 


1.602 




.500 


1.66547 


55.4 


1.450 


1.84666 


23.9 


FTR 




.8C0 






2. 550 


1.60602 


57.8 


.ICQ 






1.330 


1. 51823 


59.0 


.4C0 


1.84666 


23.9 








1.750 


1.51450 


63.5 








2. 250 


1. 51633 


64.1 




K 


0 



[ o o 5 6 ] tib (*6 ) xmamtztstttimm 

X-A U yX^mSBJBVttr^T. 
[0057] 
[*6] 



8 

12 
13 
17 



2. 96060: +00 
-1 35008: W 
-1.66075:*O0 
-9.76a»H)1 



3.0G985E-O3 
1.17817E-03 
/.59856E-04 
4.11227E-04 



-2.95102&O5 
-3. 381/1E-05 
-2.44204M5 
-B. 59B14E-05 



F 6 

6.G8829E-05 0.O000EKX) 

0.0000QE*<X5 0.OOO0EKJO 

O.OOOOOMO 0. OOOOE^OO 

11799^06 0.0000&00 



[ 0 0 5 8 ] ttz, TIB (*7 ) fc. »j£#U>X5fc» 

fr^m^xmm&coi&wcom^co. x- $ y^zx ->x 

~^tc^mm (mm) sr^*r. 
[0059] 
[87] 

d5 dlO dIS d18 
l£g .5000 8.3594 4.2145 1.0000 



6. 2146 
8.0424 



2.6448 
.8170 



1.2569 
4. 2145 



3. 9576 
1.0000 



[0060] ttz. TIE <*8 ) lz. #*fl^C(cifjtBL 

[006 1] 
[f£8] 



nd4=1.833 
If2l/fw=0. 831 

oyfw=io.8 

rL/ft=1.10 

0w=2.39 

0fc=2.11 

[ 0 0 6 21 JhE -(*8 ) tzntt J: 3 fc:, *Htfc«fc:tJ 
tt&^tSX~AixvXtc:i3V^Tt±. JJBM** ( l ) 
- (6) *Wv!$ivC^£, 

[006 3] 07H29fc. ±15 (*7) IZ^Ltzim 
ffiX-2±U >X<DJun^ (07 ) . g^tftB (08 ) % 

msm (09) ttjJt*iixattiBH**f . 07-09 

®X- A U VXti^»^JR||tt|g.S r ^i fc . 
[0 0 64] (»fc«3>TE (*9) fc. JJa»ltO 
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[0065] 













IS 


r 


d 


nd 


vd 


1 


22. 750 


.600 


1. 84666 


23.9 


2 


10. 527 


3.200 






3 


334.488 


.170 


1.69680 


55.6 


4 


10. 582 


2.050 


1.77250 


49.6 


5 


30. 912 








6 


30. 912 


.400 


1.83300 


40.9 


7 


3. 012 


1.602 






8 


-b. 416 


.500 


1.6G547 


55.4 


9 


3. 590 


1.450 


1.84666 


23.9 


10 


lib. 156 








11 




.800 






12 


4.179 


2.550 


1.51450 


63.5 


13 


853 


.100 






14 


10.199 


1.350 


1.48749 


70.4 


15 


oo 


.40) 


1.84666 


23.9 


16 


4. 526 


Rift 






17 


6. 763 


1-800 


1.51450 


63.5 


18 


-19.430 


RT* 






19 


OP 


2. 250 


1.51633 


64.1 


20 


oo 









[ o o 6 6 1 ne (« i o ) (c. ^mmmiz&tt&jm 

[0067] 
[«10] 



8 
12 
13 
17 



4. 24698 WO 
-2.31007BOO 
-2.84402^00 
-7. 9564&-01 



3. 79275E-03 
1.40728E-O3 
6. 32602E-O4 
5.44475E-04 



-7.56O41E-05 
-1 72551 E-05 
-2. 33794E-05 
-1.3363CE-04 



1.049S6E-O4 
0.00O00E4O0 
O.OOOOOE+00 
?„81Q60E~06 



6 

aoooowo 

O.OOOOBOO 

o.oooo&oo 

O.OOOCfcKW 



[ o o 6 8 ] ifc. Tie (a 1 1 > tosau^x* 

TTTOSrSSSHIPB (mm) SttjcT. 
[0069] 

mi i] 

d5 dIO d16 



IS 



.uooo 

6. 2146 
8.0424 



8. 3594 
2.8448 
.8170 



4.0554 
1.0609 
4.0554 



d18 

1.0000 
3.9945 
1.0000 



[ 0 0 7 0 1 4fc. TIB (St 1 2 ) tz. **fl=3Sfc*fl6 

[007 1] 
[511 2] 

nd4=1. 833 
If2l/ftr=0.831 
H/fw=10. 8 
HL/ft=1. 10 
6w=1.44 
0t=1.28 

[ 0 0 7 2 ] Jiffi (ft 1 2 ) C^-T J: 9 *C, *2Ot09£ 

( 1 ) - (6) tfffitcZtiX^^. 

[0 0 7 3] HI 0-01 2K. JilS (511 1 ) IZ^L 

■&mmx-j*v*x<wm<% 010). ammi 
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